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SUMMARY. Nutrition is an important orchard management factor. In integrated fruit production (IFP) there is a tendency to reduce the impact of some elements like nitrogen from soil applications and to replace them by leaf applications. For some elements like magnesium or manganese a leaf application can be a very efficient way to prevent deficiency symptoms on the leaves; for other elements these effects can not be proved sufficiently. In this paper we discuss some standard nutritional practices of Belgian fruit growing; for some of them there is sufficient scientific support for others there is not. A general overview is given in which the different foliar applications are positioned in function of the phenological evolution of fruit trees.
N utrition requirements in Belgian orchards are based on a combination of regular analysis of the soil every 3 to 4 years, combined with regular leaf analysis every year. As a result of ecological concerns in Europe there is a growing tendency to apply elements like N, P, K, and Mg within the herbicide strips under fruit trees and to reduce in this way the total amount applied per hectare. For other elements like Ca a broadcast application over the total orchard area is still the standard practice. Other elements like B, Mn, and Zn can be very efficiently applied to the leaves. Also foliar applications of Mg can be very efficient.
Foliar nutrition is important in Belgian fruit production systems and is considered as a complement to standard nutrition practices; some growers refuse to use foliar nutrition completely while others are convinced that foliar nutrition is essential for nutrition management in a modern orchard. There are many questions around fruit tree nutrition that are not sufficiently understood and which need further research. In this paper we summarize some of our experience in nutrition of apple (Malus ×domestica) and pear (Pyrus communis) made during a period of 20 years of activity in the Pomology Department at the Royal Research Station of Gorsem, Belgium.
Soil analysis
Nutrition requirements in Belgium are based on annual leaf analysis and soil analysis every 3 or 4 years. Soil analysis gives information about the soil pH and organic matter content which are both very important factors for orchard nutrition. In addition soil analysis gives information about soil texture and the amount of available nutrients. However, nutrient uptake by fruit trees is not only dependent on soil content but also by antagonisms with other nutrients. Soils with a high K content are likely to have problems of Mg deficiency and this deficiency will appear earlier in light-textured soils. Information on the homogeneity of the soil profile in an orchard is also of interest and is available on maps indicating the soil suitability for specific crops.
Leaf analysis
Samples for standard leaf analysis are taken during summer on the middle leaves of 1-year-old shoots. But from practical point of view it is also interesting to have an earlier sample just after flowering. However, it has not been determined which leaves should be chosen; is it necessary to take the small cluster leaves around the flower buds, or can other leaves be taken around the spurs of the 2-year-old wood or on the bourse shoots? There is a need for good reference values for different types of leaves collected in the beginning of the season. With good reference values for early samples, it may be possible to correct deficiencies quickly for some important nutrients such as N, Mn, or Mg. A comparison of the nutritional status among years is also an important advantage of the yearly leaf analysis. This allows an evaluation of the effects of nutrient applications, pruning, weed control and other management techniques. It is also possible to compare the nutritional status of vigorous trees and normal growing trees, with the aim of explaining differences in growth patterns.
Standard leaf nutrient application schedule
A standard leaf nutrient application schedule starts in the beginning of the season with a Cu treatment in the silver tip stage as the first fungicide treatment. Before bloom in the pink bud stage a Mg treatment is often combined with a B treatment with the aim to increase the leaf quality around the flower clusters. During the same period leaf urea applications are applied. In the bloom period B applications at a reduced dose (10% of the standard dose) are made under poor pollination conditions. The standard B application is made as 313 g (0.69 lb) of B applied as Solubor DF (BASF Aktiengesellschaft, Limburgerhof, Germany).
In the postfloral period, three treatments of magnesium sulphate (MgSO 4 ) and B are alternated with three treatments of Mn and Zn. The Mn and Zn treatments can be applied as Mn-Zn containing fungicides or with special Mn and Zn containing leaf nutrition solution. After the June drop fruit fall, summer treatments with Ca are made on apple under nitrate or chloride form. These treatments are often combined with Mn applications on bicolored apple cultivars such as 'Jonagold' with the aim of improving the green background color of the fruit. At the end of the season urea leaf applications try to restore the N reserve level and during leaf fall period, copper treatments synchronize the leaf fall and prevent infections of nectria canker (Nectria galligena).
NITROGEN. Leaf analysis is the standard method to evaluate the Nstatus of fruit trees and will often identify N deficiency immediately. The critical level of visual N-deficiency symptoms on the leaves of 'Jonagold' apple trees was 2% expressed as percentage of the dry weight and the N level in apple trees should be between 2.2% and 2.4%.
Nitrogen mineralization (N-min) is measured in the soil profile at three levels of depth: from 0 to 30 cm (11.8 inches), from 30 to 60 cm (23.6 inches) and from 60 to 90 cm (35.4 inches) and for each depth the amount of nitrate-N (NO 3 -N) and ammonium-N (NH 4 -N) is determined and expressed in kilograms NO 3 -N and NH 4 -N and these data give the N-min profile of the orchard at a given moment during season. N-min determination in the soil profile is an increasing practice for orchards in Belgium. N-min profiles in the soil can indicate the risk for NO 3 leaching to the groundwater which is becoming an important risk factor in modern horticulture. Under normal fruit growing practices where total N doses per year are relatively low from 30 to 60 kg·ha -1 (26.7 to 53.4 lb/acre) applied on the herbicide strip for 'Jonagold' apple trees and 'Conference' pear trees, it is unlikely that NO 3 pollution occurs. However, for very productive apple cultivars like 'Golden Delicious' application rates may reach 100 kg·ha -1 (89 lb/acre) of N each year. Foliar N-application after harvest is a common practice in modern IFP systems. These N applications of urea are made to increase leaf decomposition and to reduce overwintering inoculum of the scab fungus (Venturia inaequalis) on apple trees and (Venturia pyrina) on pear trees. The amount of urea applied varies between 3 and 20 kg·ha -1 (2.67 and 17.8 lb/acre) of N. In some years with early winter frost in November, there is a risk of insufficient winter hardiness of the flower buds if high doses of urea are applied at the end of the season. This risk is more pronounced with pear than apple trees. Leaf applications of nitrogen can be very useful after serious winter damage to the bark of young trees. Under these circumstances the normal xylem flow is interrupted and urea applications can bridge the gap early in season and allow natural reparation of the vascular system. In many orchards, standard soil applications of 30 kg (66 lb) of N early in season some weeks before bloom are complemented with leaf applications of urea during the season. On pear trees, foliar N applications are made during the last weeks before harvest with the aim of improving the green background color of the fruit.
PHOSPHORUS AND POTASSIUM NU-TRITION. P and K are both elements that are normally applied to the herbicide strip but they may also be applied as foliar sprays on apple and pear trees. Pear trees have a higher K requirement than apple trees and K is important for the final fruit quality of the pears at harvest. Therefore regular foliar treatments with K containing nutrients sprays is a common practice in European pear growing. Foliar K applications are often combined with P applications in different P-K foliar spray formulations. However, foliar applications of P and K do not always affect the mineral composition of the fruit or the leaves (Table 1) .
In this trial on 'Conference' pear, P and K-containing spray formulations were applied during season starting the first application after the June drop and with a 10-d interval. The spray applications were made in 300 L·ha -1 (32.1 gal/acre) of water. The samples for fruit and leaf analysis were taken at harvest. The K concentration in the leaves was relatively low averaging only 1.56% dry weight in the untreated plot. There was a small increase in P concentration of fruit and leaves in response to treatments and no effect on K concentration but these differences were not statistically significant. Foliar K applications on pear claim often to increase fruit size but this effect could not be confirmed in this trial (data not shown). On apple trees N-P-K treatments are more limited in use because the K is considered to be potentially detrimental to leaf and apple quality. Therefore special P-K formulations with low K content such as Foliphos (Goëmar, Saint Malo, France), containing 12.8% P and 4.2% K, were developed for apple trees. Excess K can cause serious problems of leaf drop on susceptible apple cultivars such as 'Golden Delicious' or 'Cox's Orange Pippin'. This could be explained as an induced Mg deficiency or as an induction of the typical leaf spots causing leaf drop problems. Potassium can affect fruit quality by competing with Ca and in this way causing storage disorders such as bitterpit and internal breakdown. On the other hand, it is also risky to adopt of potassophobia. In many apple orchards that have not received K applications for several consecutive years, K availability has become limited and correction has become necessary. This can be achieved by immediate P-K leaf applications to prevent deficiency symptoms on the leaves during season combined with soil applications.
CALCIUM. Foliar applications of Ca to improve fruit quality and storability is a standard practice in Belgium. Many different Ca formulations have been tested in our fruit nutrition trials over the last 20 years, but none of them were superior to the standard compounds Ca(NO 3 ) 2 and CaCl 2 . On 'Jonagold' standard Ca treatments as Ca(NO 3 ) 2 containing 15.5% N and 24.3% Ca (wt/wt), start at the end of June, with six treatments at a dose of 1.82 kg·ha -1 (1.62 lb/acre) of Ca and are followed by CaCl 2 treatments, containing 15.7% Ca (wt/vol), shortly before harvest time with four treatments at a dose of 785 g·ha -1 (11.2 oz/acre) of Ca. It is sometimes difficult to demonstrate the positive effects of these Ca treatments in a single trial as other factors such as tree K and Mg status, rootstock, tree vigor and crop load may affect fruit Ca nutrition (Fallahi et al., 1985) . Storage characteristics of fruit are becoming more and more important because of the requirements for new storage facilities operated under ultra low oxygen (ULO) storage conditions. Storage capacity of fruit can be judged objectively by determining the fruit mineral composition before harvest (Marcelle et al., 1989; Bramlage et al., 1985) . This allows classification of fruit into those with and without storage capacity. This early fruit analysis prevents important economic losses during storage.
MAGNESIUM. Magnesium is one of the elements which can be applied very efficiently via foliar applications. The best timing for foliar applications is during the post bloom period with the last application recommended around June drop fruitfall. Later applications can interfere with the storage Some effects of Mg treatments applied post bloom on leaf mineral composition and on leaf deficiency symptoms on 'Idared' and 'Gloster' apples are given in Table 2 . The applications were made with a 2-week interval in the post bloom period. The Mg deficiency symptoms were counted on 1-year-old shoots at the end of August about 6 weeks before harvest. Both apple cultivars are considered to be susceptible to Mg deficiency symptoms and showed reductions in symptoms expression after the Mg foliar treatments, but the differences were not statistically different. There was also no difference between the three Mg foliar treatments in leaf Mg concentration even though the amount of Mg applied per hectare and per treatment was different. The values in the table are the mean value of the four replicates and are compared with the control plot.
Magnesium can also be applied on the soil using a Ca formulation containing a low amount of about 3% to 6% Mg. A Ca application of 2 t·ha -1 (1784 lb/acre) corresponds with an application of 60 to 120 kg·ha -1 (53 to 107 lb/acre) of Mg. In this way, the correction of the soil pH can be combined with an increase of the Mg content of the soil. Higher amounts of Mg can unbalance the nutritional equilibrium in the soil and cause an increased K pressure in the soil solution.
BORON APPLICATION. Boron can be applied during bloom at a very low dose in order to improve pollen germination and pollen tube growth which should result in an improved fruit set (Link, 1974) . With this aim, a liquid B and Mg preparation Goemar BM86 (Goëmar, Saint Malou, France), containing 3.6% Mg and 2.5% B 2 O 3 based on a seaweed extract was designed. To ensure that B is not the limiting factor for fruit set, several Goemar BM86 treatments are recommended including the first at balloon stage just before bloom, a second during full bloom, and a last application at the end of bloom. B applications during bloom are a common practice in pear growing. On apple, B applications are only made when fruit set is problematic. A second aim of B applications is to reduce russeting on the fruit skin. This is an important fruit quality factor on apple cultivars such as 'Golden Delicious', and in some years 'Jonagold'. B deficiency causes irregular growth of plant tissue which results in a typical russeting of the fruit skin or in corky tissue around the lenticels of the bark (frog skin bark).
Standard B applications are however made mostly as Solubor (20.8% B); BASF Aktiengesellschaft, Limburgerhof, Germany) or Solubor DF [17.4% B; BASF Aktiengesellschaft, Limburgerhof, Germany] treatments in the post bloom period and are often combined with other nutrients such as Mg and/or Mn. When necessary, the first treatment is made before bloom in the balloon stage and is followed by three B treatments in the post bloom period with an interval of 2 weeks. Special foliar spray mixtures such as Nutribor (BASF Aktiengesellschaft, Limburgerhof, Germany) have been developed with certain additional nutrient elements. Nutribor is a compound which contains 8% B, 2.1% Mg, 1% Mn, and 0.1% Zn.
Some results of B applications on leaf mineral composition and on fruit skin quality of 'Golden Delicious' are summarized in Table 3 . The values in the table are the mean value of the four replications and are compared with the untreated plot.
It is clear that B and Mn foliar applications are reflected in the leaf analysis on 1-year-old shoots in July. For Mg and Zn there was an increase but the differences were not significant. In this trial, the standard orchard treatment included fungicides containing Mn which explains the high leaf Mn concentration in the untreated plot. There was a tendency to better fruit skin quality in the Solubor-treated plot.
Other microelements
Manganese and zinc are two important microelements for leaf quality. In standard orchards, the tree requirements for both elements were met by the application of dithiocarbamate fungicides (Quast, 1986) . In integrated fruit production on apple, the use of these fungicides is limited because of their toxicity to the predatory mite, Typhlodromus pyri, when they are used in repeated treatments. Therefore three treatments at a lower dose of 1 kg·ha -1 (0.89 lb/acre) can be applied as foliar nutrition (Table 4 ). The data are the mean value of four replicates and are compared with the untreated control plot. Special foliar spray formulations for Mn and Zn were developed for integrated fruit production systems, including Mantrac (PHOSYN plc, York, United Kingdom) containing 500 g·L -1 (4.17 lb/gal) of Mn, Zinflow (PHOSYN plc, York, United Kingdom) containing 700 g·L -1 (5.83 lb/ gal) of Zn, and Aseptaman (ASEPTA, Delft, the Netherlands), a lignine carboxylate formulation containing 60 g·L -1 (0.5 lb/gal) of Mn. Manganese treatments can be made after bloom or during season and are reflected as well in the leaf as in the fruit mineral content (Table 5) . The data present the mean value of the four replicates and are compared with the untreated control plot.
Manganese and zinc are routinely applied during the post bloom period with the aim of improving leaf quality. On bicolored apple cultivars like 'Jonagold', summer treatments of Mn are made with the aim of improving the green background color of the fruit (Deckers et al., 1997) . The results of these summer treatments can not be guaranteed because green background color can be influenced by more than one factor. N and K level also are considered to be important for green background color.
Microelements are often applied using complex nutrient mixtures such as Basfoliar formulations (BASF Aktiengesellschaft, Limburgerhof, Germany). It is the aim with these foliar sprays to combine the application of macro-elements and microelements. In Table 6 the results of seven treatments of Basfoliar 36E (BASF Aktiengesellschaft, Limburgerhof, Germany), containing 36.5% N, 2.46% Mg, 1.35% Mn, 0.037% Fe, 0.27% Cu and 0.014% Zn (wt/wt), at a dose of 11.8 L·ha -1 (1.30 gal/acre) applied during season with a 2-week interval on apple trees are summarized. The data represent the mean value of the four replicates and are compared with the untreated control plot. Leaf analysis of the leaves of the 1-year-old shoots at harvest on 'Boskoop' (1998), 'Jonagold' (1998) and 'Cox's Orange Pippin ' (1987) apples and fruit analysis at harvest was undertaken. On 'Cox's Orange Pippin', the effect of Basfoliar Combistipp (BASF Aktiengesellschaft, Limburgerhof, Germany) was studied. Basfoliar Combistipp contains 21.5% CaO, 14.4% N, 0.84% Mg, 0.58% Mn, 0.014% Zn, and 0.29% B). The leaves were washed prior to chemical analysis in a 0.2% solution of citric acid. The fruit were not washed while the proportion fruit skin versus fruit flesh is relatively low. Some effects of Mg in the Basfoliar 36E and of Mn in The effect of B applications in the Basfoliar Combistipp was also measured in the fruit at the end of the season. Although it is not easy to demonstrate the effects of a significant increase in one microelement, it is generally accepted in orchard nutrition management that Mg, Mn, and Zn are important elements for leaf quality and B is important for the final fruit skin quality and for the presence of russeting.
Iron and copper are usually sufficient in conventionally managed Belgian orchards. For Cu there is no need for special treatments because of fungicide treatments in the beginning and the end of the season. In IFP systems, Cu is completely banned as a fungicide treatment and this could change the nutritional status of apple and pear trees after some years. Iron deficiency symptoms are often linked with high pH values in the soil and can be treated by leaf applications of Fe chelates such as ethylenediaminetetra-acetic acid (EDTA) or by soil applications of Feethylenediaminedihydrogen-acetic acid (Fe-EDDHA). Leaf Fe applications often result in irregular green spots on the leaves while soil applications of Fe are more uniform in result.
Conclusion
Foliar nutrition in Belgian fruit growing is a common practice for elements such as N, Mg, B, Mn, and Zn. For these elements the effect of foliar applications is often evident in the results of leaf analysis during the season and with these treatments it is often possible to prevent deficiency symptoms later in season and to improve some aspects of fruit quality (e.g., fruit skin russeting, green background color). For other elements like K, P, and Ca it is not so easy to show the positive effect of foliar application on leaf or fruit mineral composition because uptake is relative complex and is influenced by many factors and interactions. For all leaf nutrition programs it is very difficult to determine the effect on the productivity of fruit trees over a longer period of several years.
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